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Abstract 
In highly populated urban canyons, the mobile communication signal propagate from the base station and arrives at the mobile 
station(or mobile phone) as a multitude of partial waves from different directions. This is known as multipath propagation. This 
effect gives rise to multipath fading. Due to this, received signal strength decreases and sometimes unable to recognise. So 
characterisation and modelling of wireless channel is important. The received signal strength in terms of power is measured using 
RF recorder for analysis at the mobile station at certain time intervals and the signal (in dBm) assumed to be received in 
multipath environment and is composed of  fast fading caused by local multipath propagation and slow fading due to shadowing. 
In this paper, the real time mobile data is analyzed by separating fast fading components using moving average filter and then 
approximation of its and probability distribution functions (PDF) and cummulative distributions(CDF) are analysed. 
Keywords: Fast fading,; PDF; CDF; Rayleigh fading 
1. Introduction 
The performance of wireless communication systems is mainly governed by the wireless channel environment.  
In a typical wireless system, RF signal transmission between two antennas commonly suffers from power loss, 
which affects its performance.   In a wireless mobile communication system, a signal can travel from transmitter to 
receiver over multiple reflective paths; this phenomenon is referred to as multipath propagation. The effect can 
FDXVH IOXFWXDWLRQV LQ WKH UHFHLYHG VLJQDO¶V SKDVH DQJOH RI DUULYDO and amplitude giving rise to the terminology 
multipath fading1.   
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The atmosphere reflects, absorbs or scatters radio waves; these waves travel from transmitter to receiver over 
more number of paths giving rise to multipath fading1. Fading is the deviation of the signal attenuation (the gradual 
loss in intensity). It varies according to the geo-graphical area, time and frequency. It is induced by multipath 
propagation or by shadowing2, which increases the error rate of received data. Multipath-fading exhibits dispersion 
in both time and frequency domains.  As the multipath components propagate over different transmission paths 
having different lengths they reach the receiver with different time delays which gives rise to time dispersion. The 
straight path from transmitter to receiver is called line-of-sight (LOS) path and remaining all are non line-of-sight 
(NLOS) paths because of obstacles3. These signals from multiple paths may interfere constructively or destructively 
at the mobile station.   
 
        There are many types of fading that may occur in our real life mobile environment today. There are mainly 
two types of fading effects characterize mobile communication4. They are large-scale and small-scale fading. 
 Large Scale Fading:  Large-scale fading represents the average signal power attenuation or path loss due to 
motion over large areas. This occurs as the mobile moves through a distance of the order of the cell size, and is 
typically frequency independent. Signal attenuation due to penetration through buildings and walls is called 
shadowing. Shadow fading is called slow fading because the duration of the fade may last for multiple seconds or 
minutes. 
Small scale fading: If there is a small change in the spatial separation between the receiving station and 
WUDQVPLWWLQJ VWDWLRQ FDXVHVGUDPDWLF FKDQJH LQ WKH VLJQDO¶V SKDVH DQG DPSOLWXGH LV UHIHUUHG DV VPDOO-scale fading. 
Small scale fading can be statistically described by Rayleigh and Rician fading models5.  
        The mobile signal is combination of  fast fading component caused by multipath propagation and slow 
fading component caused by shadowing. Then envelope of the received signal is expressed as   
 
      )()()( tstftSu   
 
 Where f(t) is the fast fading envelope, which closely follows Rayleigh distribution and s(t) is the slow fading 
component which is lognormally distributed. The envelope Su (t) has a Suzuki distribution . The Suzuki distribution 
is rather complicated and not easy to handle mathematically. It would be very useful to have an approximation by a 
lognormal distribution.        
       The statistical properties of received signal are important for the planning of mobile radio networks and 
development of digital communication systems. The main intention of this paper is to separate slow variations and 
fast variations from the received mobile signal using a moving average filter in order to perform an independent 
study of shadowing and multipath effects. 
 
2. Analysis of the received mobile radio propagating signal 
In order to analyze the mobile radio propagating signal, the signal is recorded using RF recorder. Data is 
measured  for 2500 seconds. The measured data is under the multipath environment and is shown in Fig.1(a) which 
illustrates the signal variation at certain time intervals in multipath environment. 
In order to normalize the measured data in terms of voltage, first power levels are converted into dBs. To model 
the voltage, load resistance, R, of 50ȍ is assumed, the power and the voltage are related by the following equation 
 
 
 
Fig.1(b) shows the received voltage verses elapsed time using equation (2).The received signal is composed of 
fast fading caused by multipath propagation and slow fading caused by shadowing. In order to study the variations 
caused by slow and fast fading independently, they are separated by means of a moving average filter. 
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2.1. Normalisation of the signal using Rayleigh distribution parameters 
 Measured data is normalized with respect to one of its parameters. In this case expression for the Probability 
Density Function (PDF), is taken as a function of the mode for the measured data. The measured data of v has been 
normalized with UHVSHFWWRLWVHVWLPDWHGPRGDOYDOXHıLHY¶ YıVKRXOGKDYHDPRGDOYDOXHHTXDOWRRQH9ROWDJH
time measured data normalized with respect to its modal value.  
2.2. Moving average filter 
The moving average is the most common digital filter in signal processing. The moving average filter is optimal 
for a common task.  As the name implies, the moving average filter averages number of points (values) from the 
input signal to produce each point(value) in the output signal. In equation form, 
 
 
 
 
Where q[ ] is the input signal, p[ ] is the output signal, N is the number of points in the average, i is the point at 
which the output is considered and j is an index which run from 0 to N-16. 
The separation of fast and slow variations is performed by moving average filter which implements a rectangular 
window that is slid through the received signal series. After this process the output of the filtered series contain 
unreliable samples at the starting and at the last,   which can be discarded. The window size varies from several tens 
to several hundreds of wavelengths. )RU WKLV D ZLQGRZ VL]H RI Ȝ DQG VDPSOH VSDFLQJ RI Ȝ VDPSOHV SHU
wavelength) has been used for separating the fast variations and slow variations. Voltage time measured data for fast 
variations is shown in fig. 2(a) and for slow variations in fig. 2(b). 
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3.  Generation of probability distribution function (PDF) for Rayleigh distribution 
In a multipath environment, where the LOS is blocked, then the signal variation  are usually represented by a 
Rayleigh distribution expressed in units of voltage. The fast variations are analyzed by Rayleigh distribution7. The 
probability distribution function (PDF), of the Rayleigh distribution is given by the following equation. 
 
 
 
 
Where x is a voltage which actually represents, x , the magnitude of the complex envelope and  ı is the standard 
deviation. 
The PDF of the phase distribution of the signal is  
 
           STST 2021)( dd f  
 
The cumulative distribution function (CDF), is the integral of the PDF. In computing outage probabilities in link 
budgets, CDF plays a important role. 
 
              )
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3.1. Comparison of obtained PDF/CDF with  theoretical PDF/ CDF 
To know whether the normalized measured data follows a Rayleigh distribution (for fast fading) the theoretical 
DQGWKHVDPSOH&')¶VDQG3')¶VZHUHSORWWHGDQGREVHUYHGWKDWWKHPDWFKLVUHDVRQDEO\JRRGDVVKRZQLQ)LJ3(a) 
and Fig.3(b)7KHWKHRUHWLFDO&')¶VKDYHEHHQFRPSXWHGXVLQJ(TXDWLRQV	6). 
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4. Conclusions 
Mobile propagating signal is a composite signal consisting of fast and slow variations. In this paper fast 
variations and slow variations in a mobile radio signal are separated using moving average filter. These variations 
cause Rayleigh fading and shadowing effects. These variations can be individually analysed by Rayleigh 
distribution and log normal distribution respectively. Further theoretical PDF, CDF for Rayleigh fading are 
compared with PDF and CDF for obtained or real-time data. It is found that the fading pattern for real-time data is in 
line with theoretical.  The separation of both types of fading is useful in analyzing different types of fading and in 
the development of proper mitigation techniques individually. 
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